Columnar defects provide strong pinning centers for vortices in high-T, superconductors, increasing global critical currents. Using a magnetometer array of micron dimensions, we characterize the local field profiles in untwinned single crystals of YBa2Cu307~with equivalent columnar defect densities B&. We find that the critical current is large only where the internal magnetic field B~B&. axis by irradiation with 605-MeV Xe ions at the ATLAS source; they extend from face to face of the crystal. These defects are randomly positioned with an average density of B&/@o, where B& is the field at which all of the defects are filled by vortices and go=2.07&&10 6/cm is the flux quantum associated with a vortex. We have studied crystals without defects and with B&=2, 10, and 20 kG.
critical current is large only where the internal magnetic field B~B&. In regions of the crystal where B~B&, the critical current is sharply reduced. We model both local and global critical current measurements by generalizing the Bean picture to the case of irradiated high-T, superconductors.
M any applications of the cuprate superconductors depend on their ability to carry high currents with zero resistance in the presence of a magnetic field. Unfortunately, critical currents in wires, films, and crystals are generally low due to the motion of magnetic vortices. Columnar defects, a form of correlated disorder, provide strong pinning centers for vortices along their entire length. These defects have been found to reduce vortex motion, thereby increasing critical currents and expanding the region in temperature and field in which the superconductors have zero resistance. ' Columnar de- fects have the potential to be an important technological tool in the fabrication of high-current-density wire; thus, it is necessary that the field dependence of the critical current density be understood in detail.
High-temperature superconductors are routinely characterized using instruments such as commercial superconducting quantum interference device (SQUID) magnetometers, which provide a global average over a sample 's c In a slab-shaped sample which has its long dimension along the direction of the field, the critical current is given by c dB,
it can be measured directly, in principle, from the global magnetization hysteresis. Although the Bean model assumes a field-independent critical current, in this geometry the Bean method also has been used to determine j,(H) . '
Most critical current measurements in high-T, crystals, however, are made with the magnetic field applied perpendicular to the plane of the crystal (platelet geometry). In this configuration, demagnetization effects cause a bending of the field lines, resulting in a critical current which is not simply proportional to the gradient of the field. Then, the perpendicular component of the internal magnetic field near the edge of the sample, where the curvature of the field lines is strongest, is a nonlinear function of distance and the Bean defects. The critical current for the unirradiated crystal is a strong function of temperature, and it falls below the values for crystals with columnar defects at higher T.
Despite fIux line bending in the platelet geometry, near the center of the sample the magnetic field is nearly linear in distance and dBldx scales with critical current. Hence, a local measurement of the internal magnetic field can provide an accurate relative determination of J,(H). Using a Hall probe array, we have explored the variation in internal magnetic field with applied magnetic field at different distances x from the edge of the crystal. We plot in Fig. 1(a) We can use the local nature of our probe to determine the dependence of J, on H. We plot in Fig. 3(a) Fig. 1(b) ].
